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1DWXUDO ILEUHV VXFK DV NHQDI KHPS RU IOD[ XVHG DV UHLQIRUFHPHQWPDWHULDOV DORQJZLWK WKHUPRSODVWLFPDWULFHV
OHDGV WR QDWXUDO ILEHU FRPSRVLWHV H[KLELWLQJ UHGXFWLRQV LQ ZHLJKW FRVW DQG FDUERQ GLR[LGH HPLVVLRQ DQG DUH
ELRGHJUDGDEOH7KHVHFRPSRVLWHVRIIHUIULHQGO\SURFHVVLQJORZWRROZHDUDQGOLWWOHVNLQ LUULWDWLRQDQGKDYHJRRG
WKHUPDODQGDFRXVWLFSURSHUWLHV7KH\DOVRKDYHDORZVSHFLILFZHLJKWZKLFKUHVXOWVLQDKLJKHUVSHFLILFVWUHQJWKDQG





FRPSRVLWHV FDQ EH LPSURYHG E\ DGGLWLRQ RI )ODPH UHWDUGDQWV )57KHPRVW FRPPRQPHWKRG RI DGGLQJ)5V LV
EOHQGLQJIODPHUHWDUGDQWILOOHUFRPSRXQGVLQWRDSRO\PHURUSRO\PHUFRPSRVLWHGXULQJSURFHVVLQJ$QRWKHUPHWKRG
IRULPSURYLQJIODPHUHVLVWDQFHRIFRPSRVLWHVLVE\VXUIDFHPRGLILFDWLRQEHIRUHWKHPDQXIDFWXULQJSURFHVV =$O
+DVVDQ\ HW DO VWXGLHG ILUH UHWDUGDQW SRO\PHU EDVHG PDWHULDOV DV WKHUH LV PRUH GHPDQG IRU LPSURYHG VDIHW\ LQ
GRPHVWLFSXEOLFDQGLQGXVWULDOVLWXDWLRQVZKLFKDUHYHU\HVVHQWLDO
3HQJ &KHQ HW DO LQYHVWLJDWHG WKH IODPH VSUHDGLQJ PHFKDQLVP RYHU FKDUULQJ PDWHULDOV XQGHU QDWXUDO
FRQYHFWLRQ7KHUHODWLYHFRQWULEXWLRQVRIORFDOKHDWWUDQVIHUPRGHVDKHDGRIWKHS\URO\VLVIURQWKDYHEHHQHYDOXDWHG
DQG IRXQG WKDW KHDW FRQGXFWLRQ WKURXJK VROLG SKDVH LQFUHDVHV QRWDEO\ ZLWK į (SR[\±Q\ORQ IDEULF ODPLQDWH
FRPSRVLWHV FRQWDLQLQJ VRPH SHUFHQW RI FOD\ UHLQIRUFHPHQWV ZHUH SUHSDUHG XVLQJ D KDQG OD\XS WHFKQLTXH 7KH
IDEULFDWHG ODPLQDWHV ZHUH WHVWHG IRU WKHUPDO VWDELOLW\ DQG IODPH UHWDUGDQF\ 7KH UHVXOWV UHYHDOHG WKDW WKHUPDO
VWDELOLW\ZDVIRXQGWRGHFUHDVHVOLJKWO\XSRQDGGLWLRQRIFOD\8/WHVWVFRQGXFWHGWRFKHFNIODPPDELOLW\RIWKH
FRPSRVLWHVDPSOHVVKRZHGUHGXFWLRQLQWKHEXUQLQJUDWHZDVZRUNHGE\71LUDQMDQD3UDEKXHWDO
-XQ<RXQJ -DQJ HW DO H[DPLQHG WKH PHFKDQLFDO DQG WKHUPR SK\VLFDO EHKDYLRU RI JUHHQ FRPSRVLWHV  3ODVPD
WUHDWPHQWZDVDSSOLHGRQVXUIDFHRI WKHFRFRQXW ILEHUV WR LPSURYH WKH LQWHUIDFLDODGKHVLRQEHWZHHQ WKHILEHUVDQG
PDWUL[ 7KH FRFRQXW ILEHUUHLQIRUFHG 3/$ FRPSRVLWHV ZHUH SUHSDUHG XVLQJ WKH FRPPLQJOHG \DUQ PHWKRG 7KH
PHFKDQLFDOSURSHUWLHVVXFKDVWHQVLOHVWUHQJWK<RXQJ¶VPRGXOXVDQGHORQJDWLRQDWEUHDNZHUHH[DPLQHGDQGWKH
VKULQNDJHDQGIODPHUHWDUGDQWSURSHUWLHVRIWKHVSHFLPHQVZHUHPHDVXUHG)URPWKHVHH[SHULPHQWVWKHHIIHFWRIWKH
SODVPD WUHDWPHQW RQ WKH PHFKDQLFDO DQG WKHUPR SK\VLFDO EHKDYLRU RI WKH FRFRQXW ILEHUV3/$ FRPSRVLWHV ZDV
HYDOXDWHG ,Q DGGLWLRQ PRUSKRORJLFDO DQDO\VLV ZDV SHUIRUPHG XVLQJ VFDQQLQJ HOHFWURQ PLFURVFRS\ 1LWLQDW
6XSSDNDUQHWDOLQKLVUHVHDUFKVWXGLHGRQPDJQHVLXPK\GUR[LGH0J2+DQG]LQFERUDWHDVIODPHUHWDUGDQWV
ZKLFKZHUH XVHG DV ILOOHUV LQWR VLVDO33 FRPSRVLWHV0DOHLF DQK\GULGH JUDIWHG SRO\SURS\OHQHZDV DOVR XVHG DV D
FRPSDWLELOL]HU $GGLQJ IODPH UHWDUGDQWV LQWR VLVDO33 FRPSRVLWHV UHGXFHG EXUQLQJ UDWH DQG LQFUHDVHG WKHUPDO




6RXWKHDVW $VLD 0DOD\VLD ,QGRQHVLD DQG 3KLOLSSLQHV WURSLFDO 3DFLILF LVODQGV 0HODQHVLD 3RO\QHVLD DQG
0LFURQHVLDDQGZHVWZDUGWRFRDVWDO,QGLD6UL/DQND(DVW$IULFDDQGWURSLFDOLQWKH,QGLDQ2FHDQZDVUHSRUWHGE\
%KDUDWKDQG%DVDYDUDMDSSD,QWKLVSDSHUDZRYHQW\SHILEHUZKLFKLVQDWXUDOO\DYDLODEOHDVDIDEULFZKLFKLVVHHQ
LQ WKHKLGGHQSRUWLRQRI WKHFRFRQXWEUDQFKHV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)RUPDNLQJ WKHFRPSRVLWH DPROGRIGLPHQVLRQVîîPP ZDVXVHG7KH UHVLQDQG IDEULFFRQWHQW LQ
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WHFKQLTXHIRUPDNLQJWHVWVSHFLPHQV7KHPRXOG ZDV SODFHGLQK\GUDXOLFSUHVVZKLFK LV PDLQWDLQHGDW&DQG




8/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ODERUDWRU\EXUQHUIODPHWKUHHTXDUWHUVRIDQLQFKKLJK(DFKVDPSOHLVLJQLWHGIRUWHQVHFRQGVWKHIODPHDOORZHGWR
JRRXWDQG LJQLWHGIRUDVHFRQG WLPHRI WHQVHFRQGV7KH WLPH WDNHQ IRU WKHIODPH WRJRRXW LVPHDVXUHGDQG WKH
WHFKQLFLDQ ZDWFKHV IRU EXUQLQJ FKDU RU OLTXLG GURSOHWV IDOOLQJ 7KH DERYH SURFHGXUH ZDV UHSHDWHG IRU WKUHH
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8/+% 7HVW6HW8S$QG7HVW3DUDPHWHUV
7KH UDWHRI IODPHVSUHDGRIDOOWKHVDPSOHVZHUHLQYHVWLJDWHGE\WKHKRUL]RQWDOEXUQLQJ+%WHVW DFFRUGLQJWRWKH
8/WHVWVWDQGDUGV7KHGLPHQVLRQV RIWKH VSHFLPHQVXVHGIRUWKHWHVW LVDVVKRZQLQILJ7HVWV ZHUH FRQGXFWHG
IRU WKUHH VDPSOHV 7KH VDPSOH LV KRUL]RQWDOO\ PRXQWHG RQ WKH VWDQG DQG IODPH DSSOLHG WR WKH IUHH HQG RI WKH





LQGH[ DSSDUDWXV 7KH VSHFLPHQV XVHG IRU WKH WHVW ZHUH RI GLPHQVLRQV ;;PP 7KH R[\JHQ LQGH[ WHVW LV
FRQVLGHUHG RQH RI WKH PRVW XVHIXO IODPPDELOLW\ WHVWV EHFDXVH LW DOORZV RQH WR SUHFLVHO\ UDWH WKH PDWHULDOV RQ D
QXPHULFDO EDVLV 7KH WHVW GHWHUPLQHV WKHPLQLPXPFRQFHQWUDWLRQRI R[\JHQ LQ DPL[WXUHRI R[\JHQ DQGQLWURJHQ
IORZLQJXSZDUGLQDWHVWFROXPQWKDWZLOOMXVWVXSSRUWFRPEXVWLRQ 7KHWHVWVSHFLPHQXVHGLQWKHH[SHULPHQWPXVW
EHGU\VLQFHWKHPRLVWXUHFRQWHQWRIVRPHPDWHULDOVDOWHUVWKHR[\JHQLQGH[ %DVLFDOO\LIWKHWHVWVSHFLPHQLVKDUGWR
EXUQLWUHTXLUHV PRUHR[\JHQWRFDXVHIODPLQJFRPEXVWLRQDQGWKLVLQFUHDVHVLWV R[\JHQ LQGH[
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PPVHF WKDQ WKH WUHDWHGFRPSRVLWHV8QWUHDWHGFRPSRVLWHV KDYH ORRVH ERQGLQJVRIODPHFDQSURSDJDWHHDVLO\DQG
LPPHQVHO\
7KHSXUSRVHRIWKLVW\SHRIH[SHULPHQWLVWRSURYLGHPRUHTXDOLWDWLYHREVHUYDWLRQVRIS\URO\VLVDQGIODPHVSUHDG
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DSSHDULQJ WREXUQPRUHYLJRURXVO\YLVXDOO\ 7KHDERYH)LJ  VKRZV WKHFRPSDULVRQRI IODPHSURSDJDWLRQUDWHRI
XQWUHDWHGDQGWUHDWHG &/6 ILEHUFRPSRVLWHV )URPWKHJUDSKLWLVFOHDUWKDWWKHWUHDWHGFRPSRVLWHPDWHULDOV KDYH OHVV
IODPHSURSDJDWLRQUDWHLQPPVHFWKDQWKHXQWUHDWHGFRPSRVLWHV7KLVLV GXHWRWKH JRRG DGKHVLRQ EHWZHHQILEHUDQG
PDWUL[ LQWKH &/6ILEHU WUHDWHGFRPSRVLWHV 7KLVJLYHVEHWWHUERQGLQJDQG IODPHFDQQRWSURSDJDWHHDVLO\ WKXV IODPH
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/LPLWHG2[\JHQ,QGH[ 7HVW
7KH /2, ZDV PHDVXUHG IRU &/6 XQWUHDWHG DQG WUHDWHG FRPSRVLWHV 7KH /2, WHVW UHVXOWV IRXQG WKDW WKH
XQWUHDWHG FRPSRVLWHV ZHUH  DQG  IRU WUHDWHG FRPSRVLWHV 7KXV WUHDWHG FRPSRVLWHV KDYH KLJKHU
IODPPDELOLW\DVLW UHTXLUHVPRUHR[\JHQWKDQXQWUHDWHGFRPSRVLWHVWREXUQ$WLNDK,VPDLOHWDOVWXGLHGDQGUHYHDOHG
WKDWKLJKHUR[\JHQFRQWHQWZDVUHTXLUHG WR LQLWLDWHDQGVXVWDLQFRPEXVWLRQRI WKHVDPSOHV=KHQ;LX=KDQJHWDO
ZRUNHG RQ WKHVH IODPH UHWDUGDQWV IRU ZRRG FHOOXORVH 'LIIHUHQW FHOO ZDOO SRO\PHUV RI OLJQRFHOOXORVLF ILEUHV KDYH





,Q WKHSUHVHQW H[SHULPHQWDOZRUN XQWUHDWHG DQG WUHDWHG&/6 ILEHU UHLQIRUFHGSKHQRO IRUPDOGHK\GH UHVLQ ZHUH
WHVWHG DQG DQDO\]HG IRU )ODPPDELOLW\ 7KHPDVV ORVV UDWH DQG IODPH SURSDJDWLRQ UDWH RI WUHDWHG FRPSRVLWHV KDYH
EHHQGHFUHDVHGDQGUHVLVWDQFHWRIODPHRUILUHKDYHEHHQLQFUHDVHGLQERWK8/9DQG8/+%WHVWV5HGXFWLRQLQ
EXUQLQJUDWHKDGLQFUHDVHGWKHUPDOVWDELOLW\RIWKHWUHDWHGFRPSRVLWHV,Q/LPLWLQJR[\JHQLQGH[WHVWDONDOLWUHDWHG
FRPSRVLWHV UHTXLUHVPRUHR[\JHQ WKDQXQWUHDWHGFRPSRVLWHPDWHULDO WREXUQ0RLVWXUHDEVRUSWLRQFDQEH UHGXFHG
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